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Abstract

The purpose of this report is to make available to the design engineer
tensile property data on 7075-T6 aluminum, in the longitudinal and transverse
directions, under conditions of rapid heating and loading.

The tensile property data reported are: ultimate tensile stress,
ultimate yield stress (at 0. 2-percent offset), elastic modulus, percent total
elongation, and percent uniform elongation. These tensile properties were
determined at strain rates of 0.0047, 0. 0201, and 0. 0266 in./in./sec and at
temperatures from room temperature (780F) to 700°F at 1000 intervals,
excluding 100' and 200'F. The time required to reach test temperature was,
in most cases, less than 10 seconds.

Primary consideration is given to ultimate tensile and yield properties.
Other tensile property data reported are secondary and should be used for
design criteria only after consideration has been given to the methods used for
obtaining and reducing these data.

The strength properties of the test material increased with an increase
in strain rate from 300' to 7000F with one exception at 500'F on the transverse
specimens. However, from room temperature to 3000F, the strength
properties shoued almost no change with respect to strain rate except for a point
at room temperature on the longitudinal specimens.
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a. Introduction

Four aluminum alloys were selected for tensile property evaluation
at various strain rates and temperatures; the- are 2014-0, 202-1-T3, 7075-T6,

and 5052-H134. At this time, only the 5052-1134 and the 7075-TG alloys have

been evaluated.!

The controlling factor for the strain rates to be used is the test equip-
ment now on hand. These strain rates are 0.0047, 0. 0201, and 0. 0266 in./in./sec.

The strain rates are not constant and are an average of the strain rates for each
test condition.

The temperature for this investigation ranged from room temperature
(1780F) to 700°F at 100' intervals, excluding 1000 and 200OF. The test samples
were resistance heated and the temperature was manually controlled by visually

monitoring a thermocouple output. The time required to reach test temperature

was approximately 10 seconds for all specimens. --

To record the test, an X-Y recorder was employed at the slower strain
rate (0. 0047 in./in./sec). At the other two strain rates (0. 0201 and 0. 0266

in./in./sec), an oscilloscope with a Polaroid camera was used to record the
test data. The reason for the instrumentation change was that the X-Y recorder

slew rate is 20 in. /sec and the loading rate of the specimens at the two faster

strain rates is greater than 20 in. /sec, which is too fast for the recorder.

Two specimens were required to establish a data point, if the data agreed
within 10 percent. If the data did not agree within 10 percent, a third specimen
was tested. The data used to plot the curves were averages of either two or

three data points recorded.

Testing of the two other alloys is being held in abeyance until new test

equipment is installed. This new equipment will provide a controlled strain and
an increase in the strain differential.

2. Test Material

The 7075-T6 material used for this test was a sheet measuring

36 by 36 inches, 0. 50 inch thick, which was furnished by the Reynolds Metals

Honeycutt, J. II., Rapid Heating and Loading of 5052-1134 Aluminum

Alloy Sheet, U. S. Army Missile Command, Redstone Arsenal, Alabama,
Report No. RS-TR-69-2.
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Company. No chemical composition was furnished. The test specimen configu- ¶
ration is shown in Figure 1.

3. Test Equipment

The test equipment used for tensile loading of the specimens was a
'Model TTD Instron universal testing machine with a full scale load capability of
20, 000 pounds. Specimens were resistance-beated by use of a Marquardt TM9
power controller.

The recorder instrument used for the slower strain rate (0. 0047
in./in./sec) was a Model 2D Mosley X-Y recorder. A Tektronix Model 502A
dual-beam oscilloscope with Polaroid camera attached was used to record data
at the two faster strain rates (0. 0201 and 0. 0266 in./in./sec).

The temperature of the specimen was controlled manually during
observation of the temperature recorder. The temperature recorder monitored
a chromel-alumel thermocouple, which was attached to the center of the gage
length of the specimen by percussive welding.

The specimen strain was measured with a clip-on type extensometer
over the 2-inch gage length of the specimen (Figure 2).

A block diagram of the test setup and associated instrumentation is
shown in Figure 3.

4. Data Measurement

The specimen load was measured with an Instron lead cell. This is
an electronically calibrated strain-gage type cell with load ranges of 500, 1000,
2000, 5000, 10,000, and 20,000 pounds.

Strain measurements were made with the clip-on type extensometer.
This extensometer consists of a 0. 5-inch wide by 3-inch long piece of spring
steel with appropriate clamps fastened to each end (Figure 2). There are two
strain gages mounted on both the tension and compression side of the spring.
The extensometer bridge network and physical arrangement of the gages are
sho\\n in Figure 4. This bridge arrangement is such that strain signals in R,
and R13 are additive in one direction and those of R, and R4 are additive in the
other direction, thus producing four times the electrical output of a single
strain gage.

2i
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The strain rate for each test condition was measured \uith the second
beam on the oscilloscopeo4ndicating strain only. A pulge generator caused the
second beam to be displayed on the oscilloscope at a predetermined time interval
of 15, 30, 60, or 100 milliseconds.

The strain rate beam sweep is shown in the upper part of Figure .

The strain rate reported for each condition was calculatedjrom the
load-strain curves.at that condition. The strain rate was calculated over the
portion of the curve from zero strain to the 0. 2-percent offset yield point and is
the average strain rate for each individual test sample (Figure 5).

In all cases thie strain rate showed a definite increase after the specimen
reached its proportional limit. This increase was a result of some of the cross-
head movement being taken up by the elastic deformation of the test .machine
parts such as the load cell, pull rods, jaws, universal joints, and specimen
shoulders.

Temperature measurements were read directly from a temperature
meter, which is calibrated in degrees Fahrenheit. The meter %% -driven by a
chromel-alumel thermocouple welded to the centei of the gage le,.L - of the

specimen. The temperature was manually controlled because of the slow
response to temperature change of the automatic temperature controlleif_

A

The percent total elongation of each specimen was measured by use'of
a Riehle percent gage for a 2-inch gage length. In some instances, the speci-
mens that were run at other than room temperature arced upon fracture, caus-'
ing the ends of the fractured part of the specimen to melt (Figure 6). Because

of the arcing and consequent melting of the material, it was not possible to
measure the percent total elongation with aconsistent degree of accuracy.

The uniform elongation measurements were taken from the recorded data
of the calibrated extensometer. ' Figure 7 shows a typical curve from which the
uniform elongation was calculated.

The angle of fracture of each specimen was measured u•ith an adjustable
protractor. A fracture ptrpendicular. to th6 load axis was considered a fracture
angle of 0 degree....

'5. Test Procedure

Specimens oriented in both the longitudinal and transverse directions
were evaluated. The longitudinal specimens were tested first. The test was

5.
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started at the slower strain rate' (0.00-17 in./in./sec) and at each strain rate
specimens were tested at 700%, 600%, 500', 400%, and 300'F, and at room
temperature. At each temperature, only two specimens were tested if the
tensile data agreed within 10 percent. If the tensile data did not agree within
10 percent, a third specimen u~as tested. The average tensile data from the two

or three specimens were then used as the data point to construct all curves.

At the beginning of each test, all specimens were marked and measured,

and their areas calculated and recorded.

Before the beginning of each test period, a sample specimen was mounted
in the test machine and the temperature gradients were checked. When neces-
sary, adjustments were made to keep the temperature gradients within 10'F

or less over the gage length of the specimen. Periodic checks were made as
required (luring the test period to maintain this minimum temperature gradient

(Figure 8).

A specimen \was clamped in the machine and a thermocouple percussively
welded to the center of its gage length. The thermocouple was used to control
and measure the temperature of the specimen. Next, the calibrated extensom-
eter %%as clipped on the specimen and the specimen brought up to the desired
temperature within 10 seconds or less. At this time, the load was applied to
the specimen and the load-strain curve was recorded on the oscilloscope for the
t\;o faster strain rates (0. 0266 and 0. 0201 in./in./sec) and on the Mosley

X-Y recorder at the slower strain rate (0. 0047 in./in./sec).

During the test, the temperature was manually controlled by obserxation
of the temperature meter. Manual control of the specimen temperature was
hield %ithin =--10'F throughout the specimen test cycle.

"Th.e ultimate strength and 0. 2-percent offset yield were determined from
each calibrated load-strain curve. %Modulus of elasticity was measured from
the slope 6f the elastic portion of the load-strain curves (Figure 5). Total

elongation was measured by use of a Riehle percent gage and the angle of
fracture \\as measured with a protractor.

The strain rate for each test was calculated from the timing information
on the oscilloscope trace as recorded on the load-strain curve (upper trace on
the load-strain curve, Figure 5). As shown in this figure, the strain rate is
0. 026 in. /in. 'see from zero strain to the 0.2-percent offset yield load on the
strain axis. From this point, 2 centimeters out on the strain axis, the strain
rate increases to 0.046 in./in.!sec. The reasons for the lower strain rate areI-\

V.t
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* that pull rods, universal joints, load cell, and specimen shoulders have some
* elastic deformation that takes up some of the movement of the crosshead, which

travels at a constant rate. The strain rates reported here are average:rates
taken from the start of loading to the 0.2-percent offset yield strength.

In each test for uniform elongation, the'extensometer was left on the
sample until failure. From the data plotted on the X-Y recorder, the uniform
elongation was calculated by use of the recorded values of strain from the
calibrated extensometer (Figure 7).

6. Test Results

- The results of these tests are shown in Tables I through VI. The
curves representing the average tabulated values are shown in Figures 9
thsrough 24. The data points of each curve are an average of either two or three
specimens as shown in the tabulated data.

a. Ultimate Tensile Properties

Ultimate tensile properties decrease moderately with an
increase in temperature up to 3000F. However, past 300°VF, the strength
properties decrease sharply to 700°F.

/

The strain rates appear to have almost no effect oni the stress values.
This is v "rticularly true for the tranrs-erse curves from room temperature to
300'F foc all strain rates. Also the 0. 0201-in./in./sec strain rate is erratic
and shows stress levels different from the 0. 0266 strain rate only between
500' and 700°F.

The general trend for both the longitudinal and transverse directions is
approximately the same.

b. Yield Properties (at 0. 2-Percent Offset)

The 0. 2-percent offset yield curves for both longitudinal and
transverse data show approximately the same trends as the ultimate tensile
curve. However, the 0. 0201-in./in./sec longitudinal curve shows a stress
value below that of the ultimate curve at room temperature. This is probably
due to the construction of the modulus line for this particular point. This low
point represents an error of approximately 9 percent.

5
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c. Elastic Modulus

The elastic modulus curves show a decrease in modulus with an
increase in temperature up to 500*F, above which the modulus increases with
an increase in temperature. However, the 0. 0201- and 0. 0047-in./in./sec

longitudinal curves show a decreasing modulus value from room temperature to I
700* F.

At the faster strain rate, the transverse and longitudinal specimens have
comparable modulus values at corresponding temperatures. The intermediate
strain rate of the longitudinal specimens as compared to the transverse
specimens show higher modulus values at room temperature and 2000F;

lower modulus values at 500%, 6008, and 700*F; and at 3000 and 4000F, the
modulus values are the same. At the slower strain rate, the longitudinal and
transverse specimens exhibit approximately the same modulus values at
corresponding temperatures, except at 700'F. At 700*F, the transverse
specimen shows an increase in modulus of 56 percent compared to the
longitudinal specimen.

d. Total Elongation

Both the longitudinal and transverse total elongation-curves
shoxx the same trends with respect to temperature. That is, there is little
change in elongation from room temperature to 550'F. However, from 5500
to 7008F, there is a pronounced increase in total elongation for both longitudinal
and transverse curves at-all strain rates.

The average increase in total elongation in this temperature range is
213 and 130 percent for the longitudinal and transverse specimens, respectively.

e. Uniform Elongation

Uniform elongation is considered to be the elongation of the
spccimen that occurs before any decrease in load is observed on the recorded
data. It is therefore the usable elongation in design. The trend of uniform
elongation in relation to temperature is just the reverse of that exhibited by
total elongation, decreasing N"ith increasing temperature. In the design of
missiles, this type of data can be extremely important where low factors of
safety inherent in "one-shot" hardware are gsed.

I
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The longitudinal and transverse curves are erratic at all strain rates.
However, the longitudinal and transverse curves of the intermediate strain rate
of Q. 0201 in./in./sec show more uniformity than the curves of the other two
strain rates of 0. 0266 and 0. 0047 in./in./sec.

'4

f. Angle of Fracture

The angle of fracture for this material was 0 degrees in most
cases. Only on two occasions was~he average angle of fracture value over
5 degrees. These values were 6.5 degrees at 3000 F and 6 degrees at 6000 F for
the longitudinal and transverse specimens, respectively, at a strain rate of

0. 0266 in./in./sec.

No effort has been made to analyze the angle of fracture data by
crystallographic or other means; they are reported simply as a matter of
interest.

g. Stress-Strain

The stress-strain curves for all strain rates shou decrease in
stress with increasing temperature. The effect of increased strain rate shows
an increase in stress level at corresponding temperatures for both the longitu-
dinal and transverse specimens.

7. Conclusions

All properties evaluated in this test followed previously established
trends with respect to temperiture and strain rate. The trend cstablished for
uniform elongation shows a decrease in elongation with an increase in

temperature.

Strain rates used for test conditions xxere not differentiated sufficiently
to establish unquestionable trends with respect to strain rates in most cases.
The ultimate yield and total elongation longitudinal curves are examples of
this condition.

For design of missiles, the uniform elongation may be of significant
importance and considerably more quantitative data concerning this parameter
should be generated before they are used as design criteria.

7
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1 in.R TYP

0.500 in& MATERIAL THICKNESS

1, 8 in.R TYP GAGE WIDTH

I 1'Alin.-' l2 in. ~ .1/4 in.

.7 in.-_

The thickness of machined specimens within the reduced section shall be uniform within 0.010 inch.

The ends of redoced section shall not differ in width by more than 0.002 inch. There may be a

gradual toper in width from the ends to the center, but the width at either end shall not be more
than 0.005 inch greater than the width at the center.

FIGURE 1. DIAGRAM OF TENSILE SPECIMEN

FIGURE 2. CLIP-ON EXTENSOMETER AND TEST SPECIMEN
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TENSILE TEST
MACHINE

LOAD CELL •" SOMETER

4 I

TESL BRIDGE
SPECIMEN BALANCE /

INSTRON LOAD SPECIMEN CARRIERAMPLIFIER HEATER AMPLIFIER

TEMPERATURE BALANCECONTROLLER INDICATOR
S AND RECORDER PAD GAIN

CONTROL ]

SDIFFERENTIAL
AMPLIFIER

PLOTTER

/i

OSCILLOSCOPE
AND CAMERA

: FIGURE 3. FUNCTIONAL DIAGRAM OF TEST SETUP
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GAGES I AND 3 (TENSION)

GAGES 2 AND 4 (COMPRESSION)

(EXCITATION)

R1(T) %2 (C)

(SIGNAL)

(EXCITATION) •

(SI GNAL)

FIGURE 4. EXTENSOMETER PHYSICAL ARRANGEMENT AND BRIDGE
N ETWORK

FIGURE 5. TYPICAL LOAD-STRAIN CURVE
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FIGURE 6. ARCING CONDITION SHOWN BY 5000 F TEST SPECIMEN/

FIGURE 7. TYPICAL LOAD-STRAIN CURVE SHOWING UNIFORM
ELONGATION DATA
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FIGURE 8. TEMPERATURE GRADIENT CHECKOUT
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